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METPOJIOTTYHI ACIIEKTH CIIEKTPAJIBHOI'O AHAJII3Y
HANIBTOHOBUX 30BPA’KEHb

PosrmsHyro icHyloui HpoONIEeMH  PO3POOKM  METPOJOTiYHOro 3a0e3MedeHHS IpU
BUKOPHCTAaHHI METOJIB BHMIPIOBaHb, 1[0 3aCHOBAaHI Ha peecTpalii Ta CHEeKTpaIbHOMY aHawi3i
300pakeHb. P0o3po0JIeHO METOAMKY OLIHKH TOYHOCTI BIATBOPEHHS IPOCTOPOBOI YAaCTOTH Yy
IpOIeaypl CHEeKTPATbHOIO aHalli3y HU(POBHX HAIMIBTOHOBHX 300pa)K€Hb, OTPUMAHMX IIIIXOM
ckaHyBaHHS. In.: 1. bibmiorp.: 23 Ha3s.

KiarouoBi cinoBa: MmerposnoriuHe 3a0e3nedeHHs, CIEKTPAIbHUHA aHaji3, MPOCTOPOBa
4acToTa, HM(POBI HAMIBTOHOBI 300paKeHHSL.

IHocranoBka  mpoOJjemMu.  3aBASKM  MOMIJIMBOCTSM  Cy4YacHHUX
KOMIT FOTEPHHX TE€XHOJIOTIH PO3IIMPIOETHCS CIIEKTP 3aBAaHb, SKi BUPIIIYIOTHCS
y pamkax wmetpoiorii. CrocTepiraeTbcs 3araibHa TEHACHINS MiJBUILCHHS
Bi3yamizamii TpW BHUPIOICHHI METPOJIOTIYHMX 3amad. [lapamenbHOo 3 1M
BUHHUKAa€ HEOOXiTHICTh BiAMOBiAHOT mepeOyIOBH Ta YIOCKOHAICHHS ICHYIOUHX
IropuTMiB  00poOKM naHux. OfHIEI0 3 TOJOBHHUX IJIel BHUCTyHae
HEeoOXiIHICTh MapameTpu3allii CUrHaliB Ta 300paXkeHb: 0OTPYHTOBaHUIT BUOIp
Ta OLIHKA KiJIbKICHUX 3HAUYCHb CaMe THX MapaMeTpiB, siKi ISl TOCIIIKYBaHOTO
00’exTy ab0 mpoliecy BUCTYHAIOTh Y SIKOCTI "MAacHoOpTHUX', TOOTO TakHX, LIO
3a0e3MeuyroTh BCTAHOBJICHHS CIIEIU(DIYHUX O3HAK 00 €KTY BUMIPIOBaHb.

Ananiz Jgirepatrypu. [lamy3i Haykw, y SKuX HaOyJlO IIHPOKOTO
PO3IOBCIO/KCHHST BUKOPUCTAHHSA Yy SKOCTI BHMIPIOBAaNBHOI i1H(OpMaIii
300pakeHb, BKIFOYAIOTh (Pi3UKy, XiMito, OioJorito, MeaunuHy. OTpuMaHHS Ta
NOJANBIIMN  aHaNi3 300paKeHb JO3BOJIIE BUKOPUCTOBYBATH MOTY)XKHHI
MOTEHIial 3 METOK BHJIYYCHHS BENHKOi KUIBKOCTI mapameTpiB abo
XapaKTEPUCTUK JOCITIHKyBaHOTO 00’ekTy [1].

B OGaraTpox rajy3sx KOMII'IOTEPHHH aHami3 300pakeHb BHABISAETHCS
e(peKTUBHOIO AJbTEPHATUBOIO 3aCTapIUM CIOCO0aM TEXHIYHOI Ta MEAMYHOL
JIarHOCTUKH, y SIKMX pilleHHs NpuiiManucs oanHowo. [Ipu BizyambHOMY
aHai3l JIIOAMHI-eKCIepTy HeoOXiAHO OyJo pO3B’s3yBaTH HU3KY CKIAJHHX
3aBJjaHb, IIOB’S3aHMX 3 IHTYITUBHUMHM Ta HEOJHO3HAYHUMH TMOHSTTIMH,
HAPHUKIIA]], TPAHHUIL, JTOBXKUHA, opieHTallis 06’ exty [2].

VY pob6ori [3] migKpecHorThCA MepeBard 3aCTOCYBAHHS Bidyanizaiii B
METPOJIOTIUHIH NMPAKTHUIl — 1€ MOXKJIMBICTD MTO€AHAHHS JOCTYITy JI0 KUIBKICHOT
Ta sKicHOi iH¢popMalii oxHOYAacHO, WO 3abe3leuye MaKCUMaJbHO ITOBHE
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MPEICTaBICHHA PO 00’eKT BUMipioBaHb. OIHAK, SK 3a3HaYa€ aBTOp IMi€i
CTaTrTi, Ha  CHOTOAHINIHIA  JeHb  BIACYTHI  po0OOTH, TPUCBSUCHI
npodecioHaTbHIM BHBUYCHHSM IIPOOJIEM METPOJIOTIYHOTO 3a0e3NedeHHS Y
cepi Bizyarizatii Ta upoBoi 00poOKH 300paKeHb.

OxpeMrnM NHTaHHAM CTOITh OOYMCIICHHS KOMIIOHEHTIB HEBH3HAYEHOCTI
OIIHKA TEOMETPUYHHX PO3MIpIB Ta PO3PaXyHOK METOAMYHHX CKIIAIOBHX
HEBHM3HAUEHOCTI ISl IIUPOKO PO3MOBCIOPKEHUX METOJIIB 00pOOKH 300pakeHs,
Hanpukiaas, Ginerparii. 3riHO 3 JaHUMHU, HABEICHUMH Yy po0oTi [4], BigHOCHA
METOJIMYHAa TOXWOKAa METOJy HH3bKOYacTOTHOI (inbTpamii He mNepeBHIIye
10%, BimHOCHa TOXMOKAa BU3HAYCHHS IMOJOXKEHHS pPEATbHOTO MaKCHMYyMY
IHTCHCUBHOCTI CBITJIOBOT missMu — 7%, TPH BHUKOPHCTaHHI METOIY
HHM3bKOYaCTOTHOI (inbTpalii MOKIMBO 3a0e3NeueHHs] BUAUICHHS (hparMeHTiB
300paXKeHHSI 3 BIIHOCHOIO METOJMYHOIO ITOXHOKOI0 Ha piBHI 6%.

VY mnarenti [5] 3ampomonoBaHWil cHOCIO AIarHOCTHKH, 3aCHOBaHHMU Ha
(hikcarii Ta CIIBCTaBJICHHI CTPYKTYp Ta30pO3psIIHOTO BHUIPOMIHIOBAHHS
HABKOJIO CTAJIOHHOTO Ta JOCIIKYBAaHOTO OO’€KTIB B EJICKTPOMATrHITHOMY
noyi. SIK mimKpecnroe 3asBHUK, HOBH3HOI pO3POOKH € BHKOPUCTaHHSI
HEOIOIOTIYHOTO €TaJOHHOTO O0’€KTy 3 METOK OIIHKH METPOJIOTIdYHHX
XapakTepuCcTUK mpuiany. I[Ipu 1boMy mnpolieaypa BUMIPIOBaHHS HONATAE Y
OaratokpaTHiil (Qikcalii CTPYKTypH Ta30pO3psIHOIO BUIPOMIHIOBAHHS
HABKOJIO €TaJOHHOrO 00’ekTy 3 HebionoriyHoro Matepiany. Hamami
OLIIHIOEThCS BIJIHOCHE BIJIXWJICHHS 3HA4YE€Hb B DPSIy BUMIPSIHUX KUIbKICHHX
TeOMETPUYHMX MapaMeTpiB. SIKIIO BiJIHOCHE BIAXWJICHHS HE MEPEBHIILYE
nopory 10%, To pe3ynbTaTH BBaXKaIOTHCS 3310BITEHUMH.

TakuMm 4YWHOM, HAsSBHI OKpeMi pe3ydbTaTH OIIHKH METPOJOTiYHHX
XapaKTepUCTHK TIPU aHali3i 300pa)XeHb, aie BiICYTHE (QOpPMYyBaHHS
3arajJibHOr0 MiAXOJYy 10 CHHTE3Y METPOJIONIYHOro 3abe3medeHHs 00poOKU
BUMIPIOBaJILHOT iHPOpPMAIIii BI3yaJbHOTO XapakTepy.

Mertoro crarTi € po3poOka  METPOJOTiYHOTO  3abe3redeHHs
CIIEKTPAJBHOTO aHalli3y 300pakeHb Ta30pO3PSJHOrO BUIIPOMiHIOBAHHS,
30KpeMa JIOCIIDKEHHS TOYHOCTI BiITBOPEHHS apaMeTpy IPOCTOPOBA YacTOTa
NPY aHAJIOTO-IU(PPOBOMY NEPETBOPEHHI 300paKeHb.

OcHoBHa vacrtuHa. [Ipm BukKopucTaHHi 300pakeHb y  SIKOCTI
BUMipIOBATLHOT iHdopmarrii HeoOXiaHO OI[IHUTH METPOJIOTIUHI
XapaKTepUCTHKH Ha JCKUIBKOX eTalax, 30KpeMa, IpH OTpUMaHHi, 30epekeHHi,
00po0I11i Ta mepeTBOpeHHi 300pakeHs. bednocepeiHEO caM mporiec peecTparrii
300pakeHb BUMAara€ OIIHKA HEBH3HAYEHOCTI BHMIpIOBaHb, fKa Ha JaHOMY
erari 0OyMOBIIIOETbCS PO3MUIBHOIO 3/IaTHICTIO BUKOPHCTAaHOI amaparypu. 3
METPOJIOTIYHOI TOYKH 30py A0 HEeOoOXimHOI KUIBKOCTI MIKCENiB BHCYBAETHCS
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BHMMOTa, aHAJIOTiYHA YMOBI IO KPOKY AMCKPETH3allii CHTHATY: SKIIO KiJTbKOCTI
MIKCeNiB JOCTaTHRO, 00 3a0BONBFHUTH KpuTepisM HailikBicTy, To oTpumane
y pe3ynbTaTi aHAJIOTro-IH(POBOTO IEPETBOPEHHS 300pa)KCHHS BBAXKAETHCS
3aJI0BUTBHIM TIPEACTABICHHSIM PEaJbHOTO 00 €KTY CriocTepekeHHs [6].

PosrnsiHeMO KOHKpETHHH NpUKIIal, SKU HasgsBHO AEMOHCTpYeE mpobiaeMu
CHHTE3Y METPOJIOTiYHOrO 3a0e3ledeHHs] METOAY BHUMIipIOBaHb, 3aCHOBAHOMY
Ha peecTpamii Ta aHami3i 300paxkeHb. MeTOA peecTpallii ra30po3psIHOrO
BUIIPOMIHIOBaHHSI 00 €KTIB, 1110 BUHUKAE Y PE3yJIbTaTi 30BHIIIHBOTO BIUIUBY Y
BUIJIA/I IMITYJIbCHOTO €JIEKTPOMArHiTHOTO IOJIs, 3HAWMIIOB 3acCTOCYBaHHS Yy
PI3HHUX ramy3sx — Bill MEAWYHOI AIarHOCTHKHU 10 HEPYHHIBHOTO KOHTPOIO [7 —
10]. HesBakarouum Ha BEIHKY KUTBKICTh Ta PI3HOMAHITTS TOCIiKyBaHHX
00’eKTIB MpH 3aCTOCYBaHHI METOJY, WOTO pPO3MOBCIOJUKEHHS CYTTEBO
rajJbMyeTbCsS BIICYTHICTIO CTaHAAPTH30BaHHX METOAUK (OpMyBaHHA Ta
00pOOKH pe3ybTaTiB BUMIPIOBaHb Y BUTJISI Bi3yaJbHUX JTaHUX.

Y pamkax maHOi poOOTH pO3TISAAAEThCS MOTUQIKAIisS METOny, M0
noyisirae 'y peectpauii 300pakeHb Ta30pO3psIHOTO BHIIPOMIHIOBAaHHS Ha
(oTomarepiai B MOHOIMIIYJIBCHOMY PEXHMi, 3 HOJAIBIION OIH(POBKOIO
300pakeHHs] 3 BHUKOPHCTAHHSIM CKaHEPY 3 BHCOKOIO PO3IIIBHOIO 34aTHICTIO.
CraHmapTHOMY aHaJli3y pO3AUIBHOT 3MaTHOCTI CKaHEpiB Ta  OINHII
BHHHKAIOUHX TOXHOOK MpUCBsYeHO psx pobit [12 — 15]. PosrsHyTi Metoan
pPO3paxyHKy MOXHOOK aHaJoro-mu@poBOro IMEpPeTBOPEHHS  300paXKeHb
BUSIBIISIIOTBCSI KOPUCHUMH Y TOMY pasi, KOJIM MapamMeTpu3allis BUMIpIOBAIBHUX
JaHUX Yy BUDIAOl  300pakeHb nependadyae  OLIHKY  TEOMETPUYHHUX
XapaKTEPUCTHK 00 E€KTIB.

VY pamkax maHoi poOoTH cripoOyeMO MAIHTH 10 CHHTE3Y METPOJIOTiIHOTO
3a0e3MeUeHHsS METOJIB aHalli3y ONU(POBAHUX 300paKeHb JAEMIO 3 IHIIOTO
Ooky. Po3poOnmermit migxim Oyno OOyMOBICHO KOJOM 3aBIaHb, SKi
BUPILIYBaJMCsI METOJNOM peecTpauii Ta3opo3psIHOro  BHIPOMIHIOBaHHS
Kpamenb pIAMHH 3 METOK JOCHI/DKEHHS BJIACTHBOCTEH BOAM Ta BOJHHX
posunnis [16 — 20]. VYci meromw, 3ampomoHOBaHI y BKa3aHHX pOOOTax,
IPYHTYIOTBCSl Ha CIIEKTPAJIbHOMY aHalli3i 300pakeHb.

3 Touyku 30py HUGPOBOI OOPOOKHM NAaHHUX CIEKTPAILHHIA aHaIi3 MOXE
OyTH 3aCTOCOBAHUII K JI0 CUT'HAJIB, 1110 3MIHIOIOTHCS Y Yaci, Tak 1 10 QyHKIiH
MPOCTOPOBHX MapamerpiB. Y TOMY BHIAJKY, KOJIM MU MaeMO CIIPaBy 3
HEOOXITHICTIO pPO3pPOOKH METPOJIOTIYHOro 3a0e3medeHHs MpH  aHawisi
BUMIPIOBANIbHOT iH(pOpMaIii y BUTIAAI 300paKeHb, BUSBISIFOTHECS JOJATKOBI
npoOyieMH 3 BIJICYTHICTIO CTaHJapTH30BAaHMX METOAMK BHPIIIEHHS TaKOIo
KJacy 3a/1ad.

3okpema, (aKTUUHO YCi mapamerpu 300paskeHHs] HEOOXiHO Po3risaaTi
K (yHKUOil Takoro mnapamerpy sk KoopauHata. Crnpoba BHKOpPHCTaHHS
MiAXOMIB YaCTOTHOTO aHadi3y 300paKeHb MPH3BOJUTH IO HEOOXITHOCTI
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BBEJCHHs IapaMeTpy IMpOCTopoBa yacToTa. [IpocTopoBa yacToTa € aHAJIOroM
YaCcTOTH IIPH 3MiHI CHTHAIly y 4aci, aje € (QyHKIi€r0 KoopauHatu. B omrmii
IPOCTOPOBA YacTOTa BHUKOPUCTOBYETHCS [UISl OLIHKM SKOCTI ONTHYHHX
npmwiagiB abo cucrteM rmepemadi iHpopwmanii mpo o00’ekt. PosmipricTio
IPOCTOPOBOI YacToTu € ML, Di3uuHuMiA ceHe mapameTpy "IpocTopoBa yacTora”
MOJKHa TIOSICHUTH 3 BHKOPHCTAaHHSIM TapMOHIHHOI MEpiOAWYHOI peIiTKA
(puc. 1, @), o aHANITUYHO OMUCYETHCS HACTYITHUM YHHOM

I(xg) = Acos 2n¥ ,

Je Xg — IpoCTOpoBa KoopAuHaTa; ® — KyT opieHTauil 300pakeHHSI; A —
aMIUTiTYaa; Z — 3IBUT; 1 — mepio.

Jns Bumanky AuQpakmiiiHOi pemnTky, sika € KIaCHYHUM BHUIIAJKOM
OTHOBHMIPHOTO TPOITyCKAIOUOTO ONTHYHOTO O0’€KTY, aHATITHIHO (QYHKIIiS
NPONYCKaHHS OIUCYEThCS HACTYITHUM YHHOM [21]

(&) =1, +‘C~COS%E_,,

Jie 7 — aMIUNTya 3MiHU IPONyCKaHHs; & — KOOpAMHATA y TUIOLIUHI 00 €KTY;

To — CCPCAHE aMILNTYAHC POy CKaHHSI.

SIKII0 y3arajgbHUATH BUKJIAIEH] BiJOMOCTI JJIsl TBOBUMIPHOTO BUIIAJIKY, TO
00’€KT CiijJi pO3MIIAAATH K PE3yJNbTaT HAKIAJAHHS CHHYCOIMHHX PELITOK 3
JIOBUTHHOIO OPIi€HTAITIETO.

Posnoain momro U(X,Y) Uil JBOBHMIDHOIO BHINAJAKY 3a MEPEPi3oM
CBITJIOBOTO IYYKYy MOXKHA 3alKMCaTH aHAJIITHYHO 3 BHUKOPUCTaHHSIM Dyp’e-

obpasy F(f,, f,) uporo posnoainy [22]:
u(x,y) =JJF(f,, f,)exp[2mi(fx+ f,y)] of df,
F(fy, fy) =]u(x, y)exp[-2mi(f,x+ f,y)] dxdy,

ne f, —npocroposa wacrora 3a Biccio abeune, f, —npocroposa wacrora 3a

Biccto opauHar. OCKUIBKM "KIacWYHUH" CIEKTpalbHUH aHami3 Ha 06asi
neperBopeHHsT Dyp’e XapaKTepU3YETHCS HHU3KOIO OOMEXeHb, 30KpeMa
"po3Ma3zyBaHHA" CIIEKTPY 332 YaCTOTHOIO BICCIO y Pa3i CIUIECKIB CHTHANY, TO
JUISL aHaJIi3y 300paXKeHb ra30pO3pPSAHOTO BUIPOMIHIOBaHHS OYJIO 3aCTOCOBAHO
MaTeMaTUYHHH anapaT BeiiBieT-neperBopenns [18, 20].
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AVAV VA i

L

Puc. IlepioquuHi pentiTku: a — TapMOHiiHa, 6 — TUCKpETHa

PesyabTaTH Ta iX 00roBopeHHsi. 3 METOIO OI[IHKH XapaKTEPHUCTHK
TOYHOCTI BUMIPIOBaHb IIPU PO3pOOLI METPOJIOTIYHOTO 3a0e3IeueHHs] aHai3y
BizyanbpHOi iH(opMauii 3a3BuYail BHKOPHCTOBYIOTH JIMCKPETHI (Qopmu
nepiognyHuX peurtok (puc. 6). Ilpouenypy OLIHKM TOYHOCTI NpOLEAYPH
aHaJIOrO-I[(PPOBOT0 MEPETBOPEHHS 3 BUKOPUCTAHHAM CKaHEpy IUIAHIIETHOTO
THUITy PO3IJTITHEMO Ha KOHKPETHOMY MpPHKJIani. Y SIKOCTI TECTOBOTO 00’€KTY
OyJI0 BUKOPHCTaHO 300pa)XEHHsI BEPTUKAJIBHOI T4 TOPU30HTAIBHOI PEIIiTKH 3
maroM 1 MM Ta TOBIIMHOIO 4yopHuUX cMmyr 0,1 mMm. [ng KOMII'IOTEpHOTrO
aHai3y po3pOoOJIeHO NPHUKIAZHE NpOoTrpaMHe 3a0e3NedeHHs Ul BHBOXY Ha
eKpaH 300pakeHHS TeCT-00 €KTY, MPOPLUTIO SACKPABOCTI MIKCEIIB Ta NETEKTOP
TapMOHIK.

BusHaueHHs TapMOHINHOTO CKJIaay TecT-00’€KTiB 3AiMCHIOBAIOCS Ha
OCHOBIi aHaJi3y OJHOBHMIPHOTO CHTHAIy 3a MpodiieM SICKpaBoOCTi MmiKcemiB. Y
JIAHOMY BUTIAAKY MPoQiib OyayBaBcs SK MEHTPAILHUAN TIEPETUH 300paKeHHS B
00paHOMY KOPHCTyBaueM HAIPSIMKY.

CkaHyBaHHS 3/1iICHIOBAIOCS TIPH PO3JIUIBHIH 31aTHOCTI ckanepy 600 dpi,
o Bianosigae Benmumni 600 minii / 1 groiiM. Bigomo, mo 1 mroiim = 25,4 mm.
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Takum unHOM, TIepexosau 1o mM: 600/25,4 = 23,6 miHiii/MM, O BiOBigae

nmpocToposiii wacrori f, = ﬁ =0,0423728 yn ™t =42,3728-107 mn ™.

:

OCKUTBKH 71 TeCT-00 €KTIB mIar CiTKH AOpiBHIOBaB 1 MM, TO o04nciIeHe
YHCIIO 1 € NIHCHUM 3HaYE€HHSM IPOCTOPOBOT YaCTOTH.

OOYMCITIOEMO BIIXWIEHHS 3Ha4€Hb IIPOCTOPOBUX YaCTOT, 3HAWJEHHX
EKCIIePUMEHTAIBHUM LIUISIXOM, Y BITHOCHIH (opMi Bix HiHiCHOTO 3HAYECHHS:

a) JUIsl TOPU3OHTAIBHUX CMYT

h 10-3 _ 10-3
1= fo 1009 42:2941-10 42,3228 10°° 1 00% — —0.18573%:
f, 42,3728-10"

h
5%:

6) A BepTUKAIBHUX CMYT

v _ 103 _ 103
5y, =D To 10y, - 42:2468-10 ~~42.3728-10 ° 40, _ g 298545,
fo 42312810

MoskHa 3poOUTH BHCHOBOK, NMPO BHCOKY TOYHICTH BIATBOPEHHS Mapamerpy
"mpocTopoBa vactota". [Ipu po3aiIbHIi 31aTHOCTI CKaHepy He MeHIl, Hix 600
dpi, HeBM3HAYCHICTH BUMIiPIOBAIFHOTO aHAIOTO-I[H(POBOTO MEPETBOPEHHS HE
nepesuiye 0,3%.

BuchHoBkn. Ha cydacHoMy erami  pO3BHTKY  iH(OpMaIiiHO-
BUMIPIOBAIbHUX TEXHOJOTIH Bi3yami3alis MEpeTBOPHIIACS Ha HEBil eMHY
CKJIA[JOBY YACTUHY METPOJIOTiYHOT IPAKTHKH, IO 3a0e3neuye HalOiIbIl HOBHE
JOKEepeNo SKICHOI Ta KUIbKICHOI iHQopMmamii mpo 00’€KT JOCIHiIKEHHS.
Komn’rorepru3oBaHi Ta iHTENEKTYalbHI 3aCO0M BUMIipIOBaHb IPYHTYIOTBCS Ha
OCHOBI Bi3yanbHOI iH(opMarlii. AKTyalbHOIO 3a[1a4ei0 BUSABIAETHCS PO3POOKa
METPOJIOTIYHOTO  3a0€3IeYeHHs] METO/iB BUMIpDIOBaHb, 3aCHOBaHMX Ha
peecTpatlii Ta OTpUMaHHI iHpOpMallii Bi3yaibHOrO XapakTepy.

Y poboTi HaBeAEHO KOHKPETHI NPUKIAAMW 3aCTOCYBaHHS Iapamerpy
"mpocropoBa uacrtora" mNpU BHIYYEHHI BHUMIpIOBaJIbHOI iH(opmamii 3
300pa)KeHb, KUIBKICHO OL[IHEHO METPOJIOTIYHI XapaKTEpPUCTHKU aHAaJIoro-
M(POBOro  MEPEeTBOPEHHSI TEeCT-00’€KTIB 3 BUKOPHUCTAHHSIM CKaHEpYy.
BcranoBneHo, 1110 TOYHICTH BIITBOPEHHS T BU3HAYEHHS IPOCTOPOBOI 4aCTOTH
(poBUX 300pa’keHb 3 BUKOPHCTAHHSIM JETEKTOPY T'apMOHIK JOCTAaTHBO
BHCOKa.
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